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FOREWORD 


Weightlessness,  the  weird  condition  of  subgravity  which 
man  has  never  before  experienced  and  survived* -except  for  the 
initial  split* second  of  ,short*dis :ance  free  fall**has  recently 
become  a  major  field  of  serious  scientific  research.  Man  now 
appruA^ches  this  condition  as  his  fast-cUmbing  fighter  flattens 
out  to  intercept  an  enemy  bomber,  and  he  may  soon  experience 
it  for  long  duration  on  multimonth  interplanetary  excursions* 
In  recent  years  man  has  gone  to  considerable  expense  and 
personal  risk  to  fly  K  spier  ian  trajectories  in  high-performance 
aircraft  in  order  to  experience  a  force  of  less  than  normal 
gravity  for  fractions  of  a  minute.  Recently  aSoviet  satellite  ex¬ 
posed  an  animal  sul^ject  to  this  conditionfor  a  period  of  several 
days.  Gradually  a  corpus  of  solid  knowledge  has  formed  as  a 
result  of  these  dramatic  experiments,  and  man  v/ill  go  forth 
into  space  inhibited  less  by  this  psychophysical  phenomenon 
thai  woxld  otherwise  have  been  the  case* 

Much  of  the  important  basic  research  in  subgravity  ana 
zero-g  has  been  performed  by  men  of  the  Space  Biology  Branch 
of  the  Aeromedical  Field  Laboratory  at  the  Air  Force  Missile 
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Development  Center,  In  the  follovi’^ing  monograph  Dr.  David 
Bushnell,  of  the  Center's  His  tor  leal  Of|ice»  has  traced  the  his¬ 
tory  of  ?::cal  contnoutions  to  this  field  of  study*  He  has  also 
placed  this  effort  into  the  broader  context  of  subgravity  re¬ 
search  accomplished  elsewhere,  especially  in  the  United  States, 
Argentina  and  the  Union  of  Soviet  Socialist  Republics* 

This  forms  the  third  of  a  series  of  monographic  studies 
by  Dr*  Bushnell  related  to  the  historical  evolution  of  space 
biology  as  a  field  of  study*  It  maintains  the  same  rigorous 
professional  standards  evident  in  both  his  Beginninfl>s  of  Re»- 
search  in  Space  Biology  at  the  Air  Force  Missile  Development 
Center,  Holloman  Air  Force  Base,  New  Mexico,  1946  —  1952 
and  his  Major  Achievem ents  in  Space  Biology  at  the  Air  Force 
Missile  Development  Center,  Holloman  Air  Force  Base,  New 
Mexico,  1953  -  1957,  which  were  published  earlier  this  year* 
Three  additional  monographs  concerning  contributions  of  the 
Aeromedical  Field  Laboratory  are  scheduled  for  publication 
during  the  summer  months  of  this  year* 


James  Stephen  Hwrahan 
Center  His^rian 


May  1958 


RESEARCH  IN  SUBGRAVITY  AND  ZERO-G 

1948  -  1958 

Among  the  phenomena  to  be  encountered  in  manned  space 
flight  few  if  any  have  inspired  as  much  scientific  and  popclar 
speculation  as  that  of  sub  gravity,  *  including  both  pure  weight¬ 
lessness  or  zero-gravity  and  the  various  fractional  states  that 
lie  in  between  zero-gravity  and  normal  gravity  conditions «  In 
recent  years  this  has  also  been  a  subject  of  intensive  research 
both  in  the  United  States  and  abroad;  and  the  Space  Biology 
Branch  of  the  Aeromedical  Field  Laboratory,  at  the  Air  Force 
Missile  Development  Center,  is  one  of  the  agencies  that  have 
made  significant  cont^lhutions  to  the  research  effort.  This 
aspect  of  the  Center's  human  factors  program  is  less  well  known 
than  either  the  rocket-  sled  experiments  of  Doc  tor  (C  olonel)  John 


*  The  term  "sub gravity”  will  normally  be  used  in  this  study  to 
denote  all  states  in  which  the  gravitational  force  is  less  than 
the  normal  one  ”g*”  "Weightlessness”  is  commonly  used  in  the 
very  same  broad  sense,  but  can  be  confusing.  The  word  liter- 
ally  suggests  a  complete  absence  of  weight,  or  zero-gravity# 
whereas  the  writer  often  is  referring  in  fact  a  small  frac¬ 
tional  gravity  state- -"virtual"  weightlessness  as  it  is  some¬ 
times  expressed. 
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PaulStappop  t:>eprograxn  o£  high- altitude  balloon  flights  culmi¬ 
nating  in  ihe  record  Man-High  (H)  ascent  of  19-20  August  1957. 
Yet  the  cvrrent  program  of  subgravity  research  has  roots  at 
Holloman  Air  Force  Base  that  go  back  before  the  rocket  track 
was  evenbuilt.  and  before  the  first  balloon  v^ith  biological  pay- 


load  was  launched. 

Subgravity  rurrarcba.  a  oluarl,  defiu.i  firWof  .tud,  bad 
It.  rral  begimuug  Ju.t  aft»  -Yorld  War  n.  I.  ba.  l«  yribaary 
appUcattba  to  tb.  fluid  ot  ultltoatu  apac.  fligbl,  wb.r.  gravi- 
tafloaal  aflracfloa  will  atUl  b.  p.a.uut  b«  -111  b.  «.to»aU, 

.ouat.rbala.cud  by  otbu.  lacturu,  ratb.r  toaa  to  ctuwutolototl 

aviafloa.  Nuv.rtbulua. .  brlcj  totpoauru.  to  aubgravity  cto.  aad 
do  occur  to  alrcralt  fligbt.  ao  toat  tb.  problum  attractud  .urn. 
aUgbt  anuatioa  uvu.  utorliur  lru»  apuduU*!-  to  bviaflto  to.dl- 

Otou.  Muruovur.  by  tb.  »d  .1  tb.  war  a  Ifl-lt.*  »* 

- - - pcrimentation  had  already  taken  place. 

About  mo.  tb.  Ourtoto.  tovaagator  H.to.  VC.  Dirtog- 
abolto.  wb...  »ato -orb  .»c.r..d  butoto.  tolarto..  to  mala- 
pi.  g-loada.  baga.  uapo.tog  t.at  .abi.«.  «  • 
aubgravity  aflaply  by  P««l«8  “  •*'"*“ 
dlv..‘  flatar  durtog  tb.  war  o».  ««>.. 
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Hubertus  Strughold^-now  at  the  School  of  Aviation  Medicine, 
Randolph  Field,  Texas — staged  a  particularly  memorable  ex¬ 
periment  to  study  human  orientation  when  deprived  of  gravi¬ 
tational  cues  from  the  external  press’jre  sense*  This  is  only 
one  of  the  sense  mechanisms  that  supply  ixu'ormation  on  bodily 
weight  and  direction,  but  it  is  important  in  flying,  where  it  is 
activated  by  the  pressure  of  the  aircraft  seat  on  a  fliex's  skin 
and  thus  provides  the  familiar  "seat-of-the-pants  sensation.'* 
In  order  to  simulate  a  weightless  condition  as  far  as  this  one 
sense  is  concerned,  Strughold  anesthetized  his  buttocks  with 
novocaine.  He  then  flew  a  aeries  of  acrobatic  maneuvers,  and 
in  his  peculiar  condition  hefoxind  the  eiqterience  verydisagree- 
able.^ 

The  early  experiment/t  of  Von  Diringshofen  and  Strughold 
did  not  lead  to  any  concerted  o.  "Hitinuing  pro  gram  of  subgravity 
research  in  Germany.  In  the  immediate  post-war  years  German 
scientists  contributed  some  valuable  theoretical  studies  relating 
to  subgravity«  as  did  scientists  in,  other  European  countries. 
The  first  major  landmarkin  actual  sub  gravity  experimentation^ 
however,  was  a  segues  of  high-altitude  rocket  flights  with  animal 
subjects  started  in  1948  by  the  United  States  Air  Force.  ^  The 
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agency  immediately  -  harge  was  the  Aero  Medical  Laboratory 
at  Wright  iield,  which  then  formed  part  of  the  Air  Materiel 

I 

Command  and  which  is  now  a  unit  of  Wright  Air  Dsvslopnvsn* 
Center.  The  vehicle  used  at  first  was  the  German  V-2  rocket, 
of  which  large  numbers  had  been  captured  and  brought  to  White 
Sands  Proving  Ground  in  south-central  New  Mexlc;o  to  be  used 
in  high-altitude  research.  No  less  than  five  V-2  animal  flights 
were  launched  from  White  Sands,  and  in  each  case  the  project 
obtained  a  wide  variety  of  support  services  from  HoUomanAiV 
Force  Bass^  on  tive  opposite  side  of  tho  same  Tularosa  Ba/>in. 
For  all  flights  except  the  very  first,  actual  preparation  cat  ihe 
nose  cene  including  the  animal  capsule  took  place  in  Holloman 
laboratory  facilities.  And  when,  in  1951,  the  Aero  Medical 
Laboratory  began  using  the  newly-developedAerobee  research 
rocket  for  its  experiments,  launch  operations  as  well  were 

transferred  entirely  to  Holloman. 

Tho  Aero  Medical  Laboratory's  animalrocket  Bights  were 
not  designed  purely  for  subgravity  studies.  Their  purpose  was 
to  expose  Uving  subjects  to  as  many  as  possible  of  tte  potential 
hazards  of  space  fli^it.  In  practice,  however,  a  rocket  trajec¬ 
tory  was  too  brief  to  obtain  signiBcant  exposure  to  such  hazards 
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as  primary  cosmic  radiation,  while  fairly  moderate  g- forces 
were  involved  both  in  rocket  accele ration  and  In  the  opening 
shock  of  the  parachute  recovery  system  that  was  designed  to 
carry  the  capsule  safely  back  to  earth.  The  far-rcaching  sig* 
nificance  of  these  flights  lies  rather  in  the  exposvire  of  animals 
to  subgravity  lasting  for  as  much  as  two  or  three  minutes^  dur* 
ing  the  period  of  coasting  and  free  fall  from  rocket  burnout  to 
the  point  where  the  descending  capsule  again  met  appreciable 
atmospheric  drag.  At  that  time,  no  other  experimental  method 
could  come  close  to  providing  as  long  an  exposure.  Moreover^ 
for  sub  gravity  re  search,  imlike  cosmic  radiatloa  studies,  two 
or  three  minutes  was  not  too  short  aperiod  for  some  disturbing 
symptoms  to  make  themselves  felt,  if  in  fact  any  were  likely 
to  occur. 

The  here  of  the  i^rstanintal  rocket  flight  was  a  nine-pound 
rhesus  monkey  named  Albert.  He  was  brought  to  ?few  Mexico 
by  a  team  from  the  Aero  Medical  Laboratory  at  Wright  Field 
that  included  Doctor  (Captain  and  later  Lieutenant  Colonel) 
David  G.  Simons,  who  now  heads  the  Aeromedical  Field  Labo« 
ratory  at  Holloman.  Albert  was  carefully  instrumented  to  re« 
cord  both  heart  and  respiratory  action.  On  18  June  1948  he 
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wa.8  finally  launched  toward  space*  Unfortunately ^  his  brief 
trip  in  a  V- 2  to  an  altitude  of  tnirty- seven  miles  was  plagued 
with  a  series  of  operational  failurcst  and  no  data  were  obtained* 
Neither  did  Albert  manage  to  get  back  alive:  the  parachute  sys* 
tern  failed* 

A  year  later  the  Wright  Field  scientists »  including  Doctor 
Simons,  tried  again*  On  14  June  1949  Alber(  (H)  reached  an 

w 

altitude  of  about  eighty-three  miles*  There  was  still  no  live 
recovery,  since  the  parachute  system  failed  again*  However, 
data  were  successfully  recorded  throughout  the  flight  and  indi* 
cated  that  the  second  Albert  suffered  no  serious  ill  effects  from 
.  weightlessness,  cosmic  radiation,  or  any  other  hazard  of  space 


flight* 


After  two  more  monkey  flights,  of  which  one  was  marred 


by  unsatisfactory  rocket  performance  and  the  other  essentially 
repeated  the  outcome  ol  the  Albert  (H)  flight,  a  mouse  was 


chosen  as  passenger  in  the  B£th  and  last  of  the  space  biology 


V-2's*  The  mouse  was  not  instrumented  for  heart  action  or 
breathing  since  this  time  the  primary  objective  was  to  record 


the  conscious  reactions  of  an  animal  under  changing  gravity 
conditions*  For  this  purpose  the  animal  capsule  was  equipped 
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with  a  camera  systern  fco  photograph  the  mouse  at  fixed  inter* 
vals*  Aa  usual^  the  recovery  system  failed--the  mouse  did 
notfluryive  impart*  But  photographic  evidence  showed  that  the 
mouse  retained  •'normal  muscular  coordination"  throughout 
the  subgravity  phase,  even  though  "he  no  longer  had  a  prefer* 
ence.for  any  particular  direction  and  was  as  much  at  ease  when 
inverted  as  when  upright  relative  to  the  control  starting  posi¬ 
tion#"^ 

With  the  fi.rat  aeromedical  Aerobee  firing,  on  18  April 
1951  from  Holloman  Air  Force  Base,  project  scientists  revert¬ 
ed  to  the  pattern  of  the  V-2  monkey  flights#  The  result  was 
quite  familiar:  physiological  data  on  a  monkey's  breathing  and 
heart  rates  were  successfully  recorded,  there  was  no  sign  of 
any  gross  disturbance  in  the  subject,  and  the  parachute  failed 
again#  Finally,  with  the  second  Aerobee  animal  flight  of  20 
September  1951,  the  long-awaited  breakthrough  in  parachute 
was  successfully  accomplished#  An  ixistrumented 
monkey  was  safely  brought  back  from  peak  altitude  of  236,000 
feet,  and  so  was  a  grand  total  of  eleven  mice  that  nad  gone 
along  with  him#  Successful  recovery  was  again  accomplished 
on  the  third  and  last  Aerobee  flight  of  file  series,  which  took 
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place  on  21  May  1952.  All  pa88engcr8-“two  monkeys  and  two 
mice-*- returned  safely  to  earthg  and  one  of  the  monkeys  is  still 
alive  and  healthy  in  a  Washington^  D«  Cot 

Nine  of  the  second  Aerobee*s  mouse  contingent  served 
primarily  as  cosmic  radiati<Mi  subjectSt  but  all  other  miesg  like 
the  mouse  on  the  last  were  studied  photographically  for 

their  reactions  during  the  subgravity  state*  One  of  these  had 
undergone  a  prior  operation  removing  the  vestibular  apparatus 
of  the  inner  car  that  is  responsive  to  gravitational  forces  and 
helps  give  ho^h  mice  and  human  beings  a  sense  of  equilibrium* 
The  mouse  was  already  accustomed  to  orient  himself  by  vision 
and  touch  exclusively  and  did  not  seem  croubled  by  loss  of 
gravity  during  the  flight.  One  of  the  three  normal  mice  used 
as  subgravity  teat  subjects  was  also  free  from  any  sign  of  dis¬ 
orientation  during  exposure  to  subgravity,  apparently  becajxse 
it  had  apaddle  to  cling  to  and  retained  full  possession  of  tactile 
as  well  as  visual  references.  But  the  two  remaining  mice  did 
show  some  signs  of  disorientation* 

Since  May  1952  there  have  been  no  more  rocket  esqjcri- 
ments  with  animal  subjects  either  at  Holloman  Air  Force  Base 
or  elsewhere  in  the  United  States*  For  a  few  yeari>«  at  least* 
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experiments  of  tiiis  type  have  become  a  monopoly  of  the  Union 
of  Soviet  Socialist  Republics,  where  the  first  animal- carrying 
rocket  is  said  to  have  been  launched  in  1951.  The  Russians 
preferred  dogs  as  test  subjects,  and  refrained  from  giving  them 
anesthesia  before  takeoff.  They  have  also  claimed  that  no  dog 
was  ever  lost  through  failure  ox  his  breathing  equipment  or 
“effect  of  external  factors,”  but  they  have  not  speciEed  how 
many  may  have  been  lost  for  other  reasons.^  If  United  States 
experience  ic  any  guide,  one  is  tempted  to  assume  that  the 
Russians  must  regard  paraciiute  failure  as  an  “internal”  fac* 
tori  Be  that  as  it  may,  the  Russian  methods  and  test  results 
generally  resembled  ^ose  of  the  earlier  Air  Force  animal 
rocket  flights- -until,  of  course,  they  used  a  rocket  to  place  a 
dog  in  orbit  in  November  1957* 

From  the  standpoint  of  subgravity  studies,  Uie  unique 
quality  of  this  last  achievement  was  the  length  of  the  exposure 
obtciined,  from  the  final  rocket  burnout  until  the  death  of  Laika, 
the  satellite  dog,  roughly  a  week  after  launching.  Technically 
speaking,  a  minor  limitation  of  tliis  experiment  rAS  the  pres* 
ence  of  fractional  g- forces  caused  by  the  tumbling  of  the  satel* 
lite  vehicle.  A  more  obvious  limitation  for  sub  gravity  studies 


10 


or  any  other  research  objective  was  failixre  to  bring  back  either 

the  dog  itself  or  a  photographic! record  for  later  study  and  ob- 

.  6 

sen»%tion. 

According  to  results  published  so  far  concerning  theRui- 
sians*  satellite  oxperiixient,  the^  effects  of  rocket  acceleration 


on  I#aika*s  heart  beatf  though  tolerable »  persisted  much  longer 

after  acceleration  ceased  than  would  have  been  the  case  if  re* 

I 

covery  from  the  same  high  g-load  had  been  made  in  a  normal 
field*  Russian  scientists  attributed  this  result  directly 

I 

I 

to  the  influence  of  a  post- acceleration  subgravity  stale*'  How- 

I  ^ 

every  there  was  still  no  sign  of  ^sabling  ill  effects  on  the  test 

j 

subject  as  a  result  of  sub  gravity  exposure*  The  dog's  eyesight 
allegedly  ”compen8ated  to  a  certain  degree  the  disturbance  of 
locomotive  power”  that  was  due  to  subgravity,  although  under 
the  conditions  of  the  test  it  is  hard  to  see  how  this  could  be 

i 

anything  more  than  a  reasonable  hypothesis.^  * 

Evenbefore  the  United  States  abandoned  the  field  of  animal 
rocket  experiments  to  the  Russians,  at  least  for  the  present, 
scientists  at  different  Air  Force  installations  had  branched  out 
into  stUl  another  fruitful  type  of  subgravity  research,  using 


the  airplane  as  test  vehicle.  In  May  1950  two  former  German 
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Bcientista  working  at  the  School  of  Aviation  Medicine,  Doctors 
Fritz  and  Heinz  Haber,  delivered  a  paper  in  which  they  ex¬ 
plained  how  to  achieve  over  thirty  seconds  of  subgravity  in  air¬ 
craft  flight.  The  method  was  to  fly  the  plana  in  a  parabolic 
arc  or  “Keplerian”  trajectory  in  which  centrifugal  force  would 
exacUy  offset  the  downward  pull  of  gravity  and  engine  thrust 
would  counterbalance  air  friction.  This  was  not  an  easy  thing 
to  do,  and  even  with  an  expert  pilot  at  the  controls  one  could 
expect  absolute  weightlessness  for  only  part  of  the  total  sub¬ 


gravity  trajectory.  Nevertheless,  the  Habers'  proposal  offer¬ 
ed  the  first  method  for  obtaining  a  really  significant  subgravity 
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exposure  i&  znajined  fligl&t* 

During  1951  the  new  procedure  was  tested  at  Edwards 
Air  Force  Base  in  California  and  at  Wright  Field  in  Ohio.  At 


Fdwardsthe  noted  testpilot  Scott  Crossfield  and  the  Air  Force's 
Major  Charles  E.  Yeager  both  flew  a  number  of  Keplerian  tra¬ 
jectories,  the  former  working  on  behalf  of  the  National  Advisory 
Committee  for  Aeroxiautics.  At  Wright  FWd  simUar  experi¬ 
ments  were  conducted  by  Dr.  E.  R.  Ballinger.  Apparentiy 
none  of  these  early  experiments  achieved  more  than  a  few 
seconds,  at  most,  of  true  zero-gravity,  but  total  subgravity 
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trajectories  were  ia  reasonably  close  iccordwith  tbe  Habers' 
predictions.  Test  results  showed  a  tendency  for  subjects  to 
overreach  with  their  arms  during  sub  gravity,  Symptcma  of 
disorientation  also  appeared  in  some  cases  but#  on  tiie  whole# 

f 

these  flight)*  indicated  no  major  difficulties  in  orientation  as 
long  as  the  subjects  were  firmly  belted  in  and  had  full  visual 
references,^ 

This  sudden  burst  of  subgravxty  flights  in  tiieOnited  States 
was  followed  by  a  period  of  relative  inactivity  daring  1952-1954, 
Meanwhile,  related  experiments  were  Wng  conducted  during 
these  samn  years  in  Argentina  by  the  Austrian-born  scientist 
Dr,  Harald  J.  A,  vqa  Beckh,  who  had  left  Germany  for  South 
America  shortly  after  the  war,  ■  Von  Beckh  introduced  still 
another  animal  to  the  menagerie  of  subgravity  test  subjects, 
the  South  American  water  turtle.  He  had  one  turtle  whose 
vestibular  function  had  been  injured  accidentaUy;  and  he  found 
that,  this  turtle  showed  much  better  coordination  and  orieilta- 
tion  during  an  aircraft  subgravity  flight  than  his  normal  com¬ 
panions.  Like  the  mouse  that  had  a  special  vestibular  operation 
before  going  up  in  the  second  aeromedical  Aerobee,  the  turtle 
had  apparently  learned  to  compensate  visually  for  the  lack  Of 


,,.viUtio»al  c«...  Ev..  the  ..rm.1  WrO...  ko«^«. 
gradually  thair parJcrmanc.  altar  ..uHicia.tn«».b,. 


olfUgbta.*'* 


to  hi.  turOa  axpartoact.  Voa  Backh  acWavad  .uhgratrf- 
„  aapoaura.  up  »  .a»a»  aacon'i.  hy  maau.  »I  vartlcU  diy... 
Sulaaquaatly  ha.  too.  aduptad  tha  parabuUe  Bight  pattara  >ni 


abiftad  trou.  turtla.  to  htoua.  aubjacta.  Tb.  lattar  aubniitt.d 

to  a  .aria,  at  ay.-haud  coordiuatioa  teat.,  i»  wbich  thayahow- 
ad  tba  tomlUartandaucy  to  orarraacb  during  .»bgra»lty  hu*r.- 


aamhlad  Von  Baakb'.  turtla.  in  Ibrir  capacity  to  improve  vrith 
latar  lUgbta.  Von  Backh  wa.  alao  mmih  tet.ra.tad  to  ob.arv. 
toat  v-ha.  tha  plan,  ant.rad  it.  aubgr.vity  itoC  by  a  mantiuv.r 
Muatog  high  accalaration  lore...  the  racovary  from  accd.ra- 
Uon-induaadbltokout  took  appreciably  longer  than  uaual."  In 
a  aenae  thi.  loraabadowed  tha  «ep«ri«"ea  of  thaBu.alan  ..Ml- 
Utadog.  aml.ugga.tad  a  apmiial  topic  lor  further  anparimanta- 


Bon.  Ho«a,ar.VonBaakhc«..hor.hi.  atayln Argantlnatotaka 

a  poaition  in  tha  Oni.ad  State,  with  the  MnmimFmitor.  Divlalcn 
toe  MartinComp,.,.  Bator  atiU.  to  January  W58.  ha  Joined 
toe  ataff  of  tha  Air  Force  Mi.aila  Davalopmant  Canter'.  Aaro- 
toadicad  Field  Baboratory.  Thera  ha  ...nm.d  direction  of  to. 


present  subgravity  program,  which  had  been  started««perh^p3 
it  would  be  better  to  sa.y  reactivated- -In  1954« 


Later  Subgravity  Studies  at  Holloman,  1954  195S  "  ; 

The  sum  total  of  subgravity  research  accomplished 'prior 
to  1954  still  was  not  great,  but  H  allowed  certain  tentative  coh-  ; 
elusions  to  be  drawn.  There  jcemedtobe  no  major  respiratory 
or  circulatory  hazards  resulting  from  weightlessness,  although 
Dr.  David  G*  Simons  at  Holloman  carefully  ^inted  out  that 
respiratory  and  circulatory  complications  might  arise  as  ^ 
secondary  effect  of  *•  emotional  and  autonomic  reactions  which 
are  essentially  the  same  whether  caused  by  weightlessness,  a 
rough  sea,  or  an  obnoxious  mother-in-law Simons  general¬ 
ized  further,  on  the  basis  of  studies  up  to  and  including  Von 
Beckh's,  that  subgravity  should  normally  produce  **minimal 
di 8 coordination  and  no  disorientation*  ••as  long  as  the  subject 


■  .-Tj 


retains  tactile  and  visual  references.* 


What  was  needed  now  was  a  much  g^^eater  accumulation  of 
detailed  test  data  to  verify  or  revise  preliminary  conclusions 
and  to  reveal  still  other  possible  effects  of  sub  gravity,  i^etter 

.  .  ^  ....  ~  T'.  r*;  5.'»  tf.TJ 

test  instrumentation  was  also  needed,  especially  to  record  all 
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the  variations  of  gravity  force  frcm  true  ecro-gravity  up  to  a 
normal  one-g  state.  This  would  be  of  great  help  to  any  pilot 

I 

jattempting  to  fly  a  subgravity  trajectory.  la  addition,  most 
j«ugge8tions  for  future  ^pace  stations  have  provided  for  some 
form  of  rotatioa  ia  order  to  avoid  absolute  weighilessaese, 
through  the  artificial  creation  of  a  centrifiigal  force,  butnobody 
Knew  exactly  how  many  hundredths  of  a  g  must  be  generated  to 
produce  what  results.  It  might  also  turn  out  that  no  rotatton  at 
all  is  needed;  but  in  any  case  there  was  an  urgent  requirement 
lor  research  data  on  this  and  other  ramifications  of  the  sub¬ 
gravity  question.'^ 

,  By  the  same  token,  there  was  ample  reason  to  establish  a 
formal  subgravity  program  at  Holloman  within  theframeworkof 
the  Space  Biology  Branch  of  the  Aeromedical  Field  Laboratory, 
Unlike  the  earlier  V-2  and  Aerobee  fiights,  the  present  pro¬ 
gram  is  part  of  tae  Center's  own  project  workload.  TheAero- 
medical  Field  Laboratory  had  been  founded  in  1951  as  a  field 
station  for  project  scientists  operating  firom  tiie  Aero  Medical 
Laboratory  at  Wright  Reid,  but  in  January  1953  it  became  a 
function  of  the  local  Center  (then  known  as  Hollocmm  Air  De¬ 
velopment  Center),  and  inOctober  1953  subgravity  studies  were 


\ 

\ 


16 

•pecifically  included  in  the  Holloman  laboratory's  mission.  In 
the  following  year,  1954,  work  on  subgravity  actually  got  under¬ 
way  as  Task  78501  of  the  newly-created  Project  7851,  Human 
Factors  of  Spac  »  Flight.  Doctor  (at  that  time  Major);  David  G. 
Sinu^s  was  p^rojec:  officer  of  Project  7851,  as  well  as  head  of 
the  laboratory's  Space  Biology  Branch.  Technical  Sergeant 

John  T.  Conniff  was  the  original  task  scientist  for  Task  78501, 
14 

Subgravity  Studies. 

For  sometime,  with  funds  and  manpower  both  limited,  d»e 
main  task  activity  consisted  of  planning  and  preparations  for 
an  ultimate  test  program.  Sergeant  Conniff's  subgravity  duties 
were  not  so  engrossing  as  to  prevent  him  from  continuing  as 
head  of  the  laboratory's  Electronics  Unit;^®  indeed  the  latter 
positloi',  wtis  presumably  of  advantage  to  him  in  collecting  in¬ 
strumentation  for  the  subgravity  program.  Nevertheless,  a 
preliminary  aircraft  flight  took  place  at  least  as  early  as  Sep¬ 
tember  1954,  using  a  T-33,  to  evaluate  seme  of  the  problems 
involved  in  flying  a  parabolic  subgravity  trajectory.  More  flights 

were  made  early  the  following  ysar  with  anF-89,  again  mostly 

16  .  . 

for  evaluating  techniques  and  instrumentation.  *■ 


17 


The  program  was  not  really  intensified  until  after  the  ae« 
iignment  of  Captain  Grover  J*  D«  Schock  a,s  task  scientist  on  1 
July  1955,  Captain  Schock--who8e  contributions  to  subgrarity 
research  later  qualiHed  him  as  the  first  known  scientist  to 
receive  a  Doctor  of  Philosophy  degree  in  space  physiology** 
initiated  subgravity  flights  in  an  r-94C  aircrati  in  the  fall  of 
1955*  using  himself  as  one  of  the  various  test  subjects*  The 
F-94C  became  the  st?*ndard  tea  tv  chicle  for  sub  gravity  res  earch* 
and  Task  78501  remained  the  primary  duty  of  Captain  Schock 
until  the  beginning  of  1958*  whctn  Dr*  V<m  Dcckb  took  over  as 
task  scientist*  Captain  S check  then brancbed  out  into  other  lines 
of  activity  for  the  Acromedic^d  Field  Laboratory*  but  without 
abandoning  his  previous  interest  and  participation  in  the  sub* 
gravity  program.  Moreover*  he  kept  one  special  foothold  as 
task  scientist  for  Task  78530*  Psychophysiology  of  Weightless* 
ness.  Thie  was  a  taskof  the  recently*  established  Project 78 57* 
Research  in  Space  Bio*Sciences*  It  is  not  concerned  with 
aircraft  subgravity  flights  at  Hollwian*  but  with  certain  re* 
search  to  be  done  by  outside  investigators  on  a  contract  basis 

17 

as  well  as  a  limited  amount  of  *’in*housc”  effoart* 


The  F-94C  mghto»  which  have  been  the  primary  acUvlty 
et  Taak  78=01.  are  capable  of  giving  eobgravity  trajectorle. 
of  more  than  thirty  eecond.  in  doratlonl  >nd  more  than  one 
ench  trajectory  or  "mn”  can  be  acbednled  on  a  eingle  night. 
The  amcnntcf  acWalaero-gravity  ia  alwaye  considerably  lesa, 
aithongh  the  eipoanree  have  Increased  steadily.  Barly  In  H58 
the  marimom  aero-gravity  ehmie.M.  in  .  te.t  trajectory  -a. 
hbovt  twenty-two  aeconds.  and  even  thi.  exposure  wa.  notcon- 
tinuou.  but  wa.  interrupted  by  momentary  Itp.e.  into  smne 
minute  tracUon  of  positive  or  negative  g-forcl.  Heverthele... 
the  period  was  long  enough  for  many  type,  of  mtperimentatlaa, 
and  it  con, pared  favorahly  indeed  with  the  two  or  three  eecond. 
of  true  weightlessn...  achimred  on  sum.  of  tte  very  oarUe.t 

oarabolic  test  QigiitSa 

This  advance  U  b£  courae  due  to  Improvement,  both  in 
flight  technique,  and  in  te.t  instrumentation.  One  item  of  in¬ 
strumentation  .till  in  use  when  CapUin  Schock  joined  the  pro- 
gram  wa.  a  golf  ball  dangling  on  a  .tring  from  the  aircraft 
canopy-a  gadget  that  accurately  .hewed  when  pure  weight- 
le.ane..  had  been  achieved  but  could  not  measure  degree,  of 
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aubgravity.  The  standard  aircraft  g-meter  was  not  very  eatii* 
factory,  either,  for  instrumenting  aubgravity  flights.  How¬ 
ever,  Captain  Schock  devoted  a  major  part  of  hia  attention  to 
the  instrumentation  problem.  More  precise  meutod-  ..—ve 
since  been  devised,  using  a  combination  of  differently-placed 
accelerometers.  Information  on  the  exact  g-forcea  being  ex¬ 
perienced  is  constantly  relayed  to  the  aircraft  pilot  by  two 
sensitive  microammeters  installed  in  his  field  of  vision,  and 

the  same  information  is  carefully  synchronised  with  a  film 

.19 

record  of  the  test  subject's  reactions. 

Unfortunately,  the  subgravity  program  was  also  afflicted 

with  more  than  its  share  of  aircraft  trouble.  Apart  from  normal 
maintenance  problems,  the  F-94C  aircraft  used  in  theprogram 
developed  such  special  troubles  during  subgravity  nights  as  loss 
of  oil  pressure,  loss  of  hydrauUc  fluid,  and  -sticking"  of  the 
trim  tab  motor.  These  difficulties,  as  well  as  the  presence  of 
extra  equipment  mounted  inside  the  aircraft,  caused  a  good  bit 
of  worry  to  fl^-ing  safety  and  maintenance  officers,  and  required 
suspension  of  tests  on  several  occasions.  But  in  tiie  end  all 
the  difficulties  were  shown  to  be  of  little  Importance  or  else 
were  corrected.  Both  Lockheed,  the  aircraft  manufacturer. 
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and  Fratt- Whitney,  the  engine  manufacturer,  were  extremely 
helpful  in  finding  solutions.  Moreover,  the  difficulties  over 
hydraulic  fluid  and  oil  pressure  suggeeted  some  profitable  in¬ 
vestigations  on  the  behavior  of  fluids  under  subgravity  condi¬ 
tions,  shakijig  them  or  forcing  them  from  a  squeeze  bottle  in 
sub  gravity  flight.^® 

Still  another  problem  that  arose  vas  that  standardmicro- 
phones  in  the  F-94  (and  earUer  in  rtxe  r-89)  were  unable  to 
transmit  clear  messages  between  pUot  and  test  subject  during 
subgravity.  This  led  to  research  on  the  problem  aud  instal¬ 
lation  of  a  more  satisfactory  typo  of  microphone.  As  a  result. 
Captain Schock  is  now  able  to  conclude,  "Voice  communications 
in  future  space  vehicles  should  present  no  problem. i - 
It  is  worth  noting  that  so  many  materiel  problems  of  sub¬ 
gravity  flight  were  discovered  in  the  course  of  human  fayrtors 
research.  Nevertheless,  the  main  interest  of  the  subgravity 
program  does  not  Ue  in  the  effects  of  subgravity  on  ^rcraft 
parts  and  equipment  but  in  the  reactions  of  human  test  subjects.^ 
And  it  is  well  to  note,  first  of  aU.  that  not  all  human  subjects 
reacted  the  same  way.  Some  have  positively  enjoyed  the  gravity- 
free  state,  while  others  have  on  occasion  felt  extreme  motion 


..CKn,„  .omiHnj.  Among  th.  form.r  cm 

b.  iccladcd  S„go.„.  Com.iff.  u..  crigta.,  m.g  „g 

CcpUlc  Dmoy  p.  „no  cc.  pa«,.ip„,d  i.  mi.  „  ^  Ju 

o«.o.  progccm.  o£  U..  Space  BiCogP  Beaceb.  Amec,  U.C.. 
■.be  have  aoXieenc  vaepieg  », 

Schcck  doamte.,  iceiude.  Simacid.  „ 

tba.  one  whopcofca.ca  no  di.u...  .ciga„i^ 

JeaepS  w.  KiKiag.t,  Jt..  better  known  aa  the  teat  pUot  foi 
.be  Man-High  ,«  baUoo.  flight,  who  pilo-ad  a  great  man,  anhi 
seavity  trajectorie.  at  HoUoman  before  hi.  recent  trui.fer  i 
Wright  Air  Development  Center.  In  hi.  caa.  it  i.  hkel,  that  i 
broad  previoua  flying  care.rh.lpcd  prepare  him  for  the  axperi 
ience,  althongh  no  .ember  of  flytog  hocr.  i.  any  gmirantee  ii 
itacUagainat  feeling  ii,  at  eaa.d.iri.ga  anbgr.vity m^oanre. “ 
The  apparent  mdatenc.  of  wide  varUUon.  inhuman  toleri 
«ce  auggeatathat  on.  crit.rionfo.  .election  of  erme.  inapac. 
travelmayweU  he  a  compari.on  of  monitored re.pon.e.  during 
»q.eri«.ntal  aubgravity  «q,o.ur...  Howmr.r,  .ai,  „or.  in. 

formation  ianeededon  the.,  varying  peraonelaanaaMona.  Ih. 

aickn...  felt  by  .om.  may  he  related  to  the  rapidly  changing 
.-force,  encountered  in  a  complete  tea,  fUght.  including  m. 


high  acceleration  and  deceleration  that  sometiines  mark  the 
plane's  entry  to  and  exit  from  the  subgravity  parabola.  In  that 
case  the  same  symptoms  might  ncit  be  associated  with  long- 
duration,  continuous  subgravity  esqtosures.  On  the  other  hand, 
tho3M  who  easily  enflure  thirty  seconds  of  subgravity  might  con- 
ecivablv  do  leas  well  with  a  three-minute»or  three-month— 
dose  oz  tne  same  inmg.  I.aika*a  ej^eriencs  is  encouraging  in 
this  respect,  but  hardly  conclusive.  - 

The  Holloman  subgravity  flights  have  also  featured  a  va¬ 
riety  of  sensomotor  performance  tests.  These  indicate  that 
subgravity  need  not  seriously  impair  a  subject's  ability  to  touch 
his  nose  with  his  finger  tip,  mark  x's  in  a  rov  '  squares,  or 
perform  other  similar  operations--provided always  that;  he  re¬ 
tains  a  visual  frame  of  reference,  and  provided  also,  of  course, 
that  he  has  not  first  become  violently  ill  with  motion  sickness. 
This  ccnclusion  closely  parallels  those  tentatively  drawn  from 
the  earlier  test  programs  of  Ballinger,  Von  Beckh  and  o&ersi 
Neither  does  eating  peanut  brittle  offer  noajor  problems  daring 

weightless  trajectory,  as  long  as  the  food  is  first  well  masti- 

• 

cated  and  then  forced  to  the  back  of  the  mouth  where  the  ewal* 
lowing  reflex  goes  into  action  without  regard  to  gravity*  Drink, 
ing  seems  to  require  use  of  a  squeeze  bottle^  cups  and  glasses 
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being  quite  useless  during  weightiessness.  Water  must  be 
forced  to  the  back  of  the  mouth  by  the  tongue,  but  again  the 

swallowing  reflex  is  unJjanpaired* 

A  somewhat  dvffei  ent  variety  of  experiment  has  demon¬ 
strated  that  human  subjects,  deprived  of  normal  visual  refer¬ 
ences.  will  perceive  oculogravic  illusions  such  a-  "apparent 
linear  motion  of  a  fixed  'target'  during  a  balli.tic  [KenTerianl 
trajectory."  For  these  tests  both  the  subject's  head  and  the 
"target"— a  small  luminous  cross— were  placed  under  a  large 
and  ominovm-looldng  black  hood.  However,  the  illusion  occur¬ 
red  mainly  during  tl*e  periods  of  increased  g-forces  on  enter¬ 
ing  and  leaving  the  subgravity  parabola;  it  did  not  occur  durmg 
the  weigbtle.e  itself,  except  for  certain  oscilUtions  of 

the  target  attributed  to  the  plane's  failure  to  maintain  an  even 
weightless  state.  Hence  the  illusion  would  seem  to  be  a  result 

of  linear  acceleration  and  deceleration,  rather  than  anecessary 

24 

condition  of  weightlcssnes** 

When  Dr.  Von  Beckh  joined  the  Holloman  program.,  he 
brought  with  him  as  a  carryover  from  hi.  work  in  Argentina  a 
special  interest  in  the  effecta  of  sub  gravity  on  ease  cf  recovery 

from  acceleration-induced  blackout  or  greyout.  At  Holloman 
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he  has  initiated  flights  designed  to  produce  subgravity  either 
just  after  or  just  before  exposure  to  aforce  of  roughly  four  g*8t 
with  a  peak  of  five  or  six.  This  procedure  duplicates  the  type 
of  conditions  to  be  met  in  take-off  and  re«- entry  of  manned  space 
vehicles.  The  test  series  has  only  recently  startedf,  but  when 
further  advanced  it  should  yield  important  research  data*^*^  r 
nave  wiaon  forgotten  in  the  Holloznan 

test  flights.  The  current  pet  of  subgravity  reaearch*-at  least 
in  the  Free  World-  >i8  the  familiar  cat,  which  is  of  interest  for 
its  highly  developed  vestibular  function.  It  is  actually  more 
reliant  on  this  function  for  balance  and  orientation  than  are 
human  beings.  The  cat  is  also  noted  for  its  reflex  ability  to 
land  squarely  on  all  fours  even  after  being  dropped  upside  downi 
and  teste  were  conducted  to  determine  how  this  righting  reflex 
operates  during  subgravity.  Judging  by  the  test  restilts,  it 
does  not  workvery  well.  In  order  to  examine  the  matter  more 
closely.  Captain  Schock  obtained  certain  cats  that  hadundergone 
operations  removing  the  vestibt  apparatus  wholly  or  partial¬ 

ly.  When  these  cats  were  tested  in  the  sarnie  manner,  it  appear* 
ed  that  animals  still  having  even  partial  vestibular  function 
were  confused.  On  the  other  hand,  animals  wholly  depriv<^d  of 
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tti.  l«.cUo=  accu..om.d  >o  d.  .i0.ou.  i.  r»..i..d  6.U, 

.ricated  and  1.  po..a..ion  of  normal  roflmc  re.pon...  uni... 

U,air  ««r.  covorod.  Thi.  la.tot...r*aUonconDrm.do»c. 

again  th.  criUcal  Unportanc.  of  vl.nal  orimitatton.* 

Although  the  test  program  hae  centered  primarily  around 

euhgravit,  traj.ctorie.  floum  in  jet  aircraft,  other  t.et.  hay. 

k„n  performed  in  eimulated  euh.ravity  condition,  at  ground 
levei."^  Some  of  the  reaction,  of  a  human  .uhiect  immeraed  in 
erater  are  eimilar  to  dioe.  encountered  in  a  euhgravity  atamt 
for  inatance,  extenml  pre..ur.  on  th.  eidn  U  eo  ..mdy  dia- 
Uihuted  around  th.  body  avrfac.  when  under  .m.r  dmt  thi. 
pr,..»r,  i.  perceptibi,  barely  if  a.  all,  Jue.  a.  in  a  weighU... 
eondiUon.  Accordingly,  in  di.  epring  of  1,57  Captain  Schoch 
emgeda  eerie,  of  experiment',  at  die  indoor  pool  <d  die  El  Pa.o 
young  Men’.  Chri.dan  Ae.oclation,  wid.  die  .object  on  a  rota¬ 
ting  .eat  in  eight  feet  of  water  and  blindfolded,  Eater  in  th. 
earn,  year  underwater  mm.ri««d« 

of  dieNewhtmdcoSchoolfor  the  VieuaUy  Handicapped  in  Alamo¬ 
gordo.  such  .....  have  dmuomidrated  lu.  impairmmi.  of  orien- 
««o.  aomewha.  Ub.  dia.  experimmed  in  aircraft  «„.rU.«d. 
where  die  .uhject  lack,  normal  yi.ual  cue..  In  on.  HrP*  »« 
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\iadc3rvr3.t«  experiment,  subjects  weretiltedaj  much  as  twenty- 
two  degrees  before  perceiving  the  tilt*  The  underwater  tests 

i 

have  also  made  a  definite  contribution  to  the  methodology  of 

j 

« 

subgravity  research,  and  offer  the  advantage  of  moreprolonged 

i 

exposure  to  test  conditions  than  a  comparable  aircraft  trajec- 

»  27  i 

tory. 


The  Aeromedical  Field  Laboratory  has  worked  in  close 

i  ■ 

\ 

cooperation  not  merely  with  the  owners  of  indoor  pools  but  also 

i 

with  Air  Force  and  private  researchers  interested  in  sub  gravity 

s  ' 

studies*  The  School  of  Aviation  Medicine,  in  particular,  has  been 

i 

conducting  an  active  subgravity  program  atRandolph  Air  Force 

I 

Base,  Texas.  Uuder  the  principal  direction  of  Dr*  Siegfried  J* 
Gerathewohl,  this  program  in  its  present  form  dates  from  i?55; 
it,  too,  hasbcen  centeredaroundsubgravity  test  parabolas  flown 

I 

in  jet  aircraft.  The  general  categories  of  testing  and  research 
have  been  much  the  same  as  in  the  Holloman  program,  btit  in 
some  respects  work  at  Randolph  has  pointed  the  way  while  in 
other  respects- -notably  in8tr\imentation--the  Holloman  program 
has  been  generally  more  advanced*  Fortunately,  there  has  been 
little  if  any  sign  oi  the  rivalry  that  has  sometimes  marred  re¬ 
lationships  between  research  programs  of  the  Aeromedical  Field 
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Laboratory  and  related  eiforts  of  the  Aero  Medical  Laboratory 
at  Wright  Field,  There  has  in  fact  been  a  mutually  profitable 
exchange  of  data  and  ideas*  and  though  a  spokesman  for  the 
School  of  Aviation  Medicine  has  admitted  that  some  ovcTlapping 
research  effort,  exists  in  subgravity  studies  he  went  ca  to  ex¬ 
plain  that  this  was  actually  ’’necessary  because  of  the  impor¬ 
tance  of  the  role  that  subgravity  states  will  play  In  the  iitune- 
28 

diate  future.” 

In  addition  to  the  cxirrent  subgravity  flights  at  Holloman 

and  Randolph  Field*  there  is  at  least  '^re  active  program 

of  a  similar  nature  now  going  on.  It  is  in  Soviet  Russia*  and 

though  the  Russians  do  not  seem  to  hare  publicized  aircraft 

subgravity  flights  to  the  same  extent  as  their  animal  rocket 

experiments,  they  claim  to  have  exposed  human  subjects  to 

about  the  same  period  of  weightlessness- -forty  sccond8--that 
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has  been  achieved  by  similar  research  in  the  United  States. 

TL  '  e  has  been  no  direct  exchange  of  information  between 
Holloman  and  Soviet  researchers  in  this  Held,  However*  the 
cooperation  of  various  outside  institutions  in  the  United  States 
has  been  enlisted  for  the  Holloman  subgravity  program  on  a 
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contract  basis.  Researchura  at  the  University  of  Illinois  as¬ 
sisted  Captain  Schock's  study  of  the  vestibular  mechanism  In 
cats,  performing  the  special  vestibular  operations  on  cats  used 
in  Holloman  subgravity  flights.  They  have  also  been  working 
on  techniques  for  attaching  a  recording  device  directly  to  the 
vestibular  portion  of  tlie  eighth  cranial  nerve.  The  Yellow 
Springs  Instrument  Company  developed  an  airborne  galvanic 
skin  resistance  meter,  to  permit  continuous  recording  of  re¬ 
sistance  to  electric  imp\xlse8  under  stress  in  subgravity  ex¬ 
periments.  This  instrument  is  at  present  being  fitted  at  Hollo¬ 
man  with  the  necessary  in-flight  reccrding^pp^ratua.  Cornell 
Aeronautical  Laboratories,  finally,  made  a  theoretical  study 
under  contract  of  animal  experiments  that  might  be  performed 
both  in  test  vehicles  now  available  for  subgravity  research  and 
in  more  advanced  vehicles  that  may  become  available  for  such 
studies  later  on.  Addicional  contracts  related  io  subgravity 
research  have  recently  been  initiated;  the  efforts  mentioned, 
however,  antedate  the  launching  of  even  the  Hrst  Russian  satel¬ 
lite,  and  have  been  substantially  or  wholly  completed.^ 

ino  same  Russian  satollitahastonad  the  end  ofAirf*orwe— 
wide  austerity  drive  that  was  unleashed  in  the  first  quarter  cf 
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fiscal  year  19SS  and  which  unfortunately  had  administered  a 
temporary  setback  to  the  Holloman  subgravity  program.  The 
Air  Force  Missile  Development  Center  was  ordered  to  slash 
expenditures,  and  research  projects  generally  had  to  suffer 
more  than  missile  development.  Subgravity  studies  suffered 
more  than  most:  a  directive  issued  on  27  August  1957  ordered 
••cessation  of  work”  effective  immediately.  The  ^cessation” 
was  soon  clarified  to  refer  only  to  work  that  cost  money,  such 
as  the  F-94C  flights,  which  were  calculated  to  use  up  sixty* 
three  dollars  an  hour  in  operating  expense  without  counting 
maintenance  and  overhead.  Captain  Schock  in  his  official  role 
as  task  j dentist  could  still  go  swimming,  and  could  plan  and 
theorize  to  his  heart's  content.  His  specially-treated  cats  ar¬ 
rived  from  the  University  of  Illinois  right  in  the  middle  of  the 
austerity  drive,  but  he  was  able  to  toss  them  up  and  clown  in  the 
laboratory,  taking  obs  ervations  on  how  they  fell;  these  erva* 

Uons  could  be  compared  later  with  the  results  of  In^'fli^t  ex- 
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periments,  as  soon  as  an  aircraft  was  again  made  available. 

Subgravity  contracts  outstanding  were  scaled  downsli^tly 
at  the  same  time,  but  this  cccurred  under  a  command-wide 
order  for  five  percent  reduction  in  expenditure  on  effort- type 
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contracts.  AU  Center  research  programs  were  similarly  af¬ 
fected,  and  the  impact  on  subgravity  studies  was  barelynotice- 
able  compared  with  the  suspension  of  F-94C flights.  Moreover, 
on  1  October  1957  austerity  was  relaxed  by  Center  decision  to 
the  point  of  authoriring  a  small  nvimber  of  test  flights,  for  tht, 
specific  purpose  of  having  the  cats  flown  at  last.  I.ater  still, 
with  the  appearance  of  the  Russian  satellites,  austerity  was 
abandoned  al*.  tther.  By  the  start  of  1958  the  subgravity  pro¬ 
gram  was  back  in  full  swing,  although  time  lost  could  never  be 
wholly  regained. 


The  Present  Outlook  for  Experimentation 
in  Subgravity  Conditions 


In  the  Spriug  o* 


f  19aS  Capiain  Schock  put  forward  a  "phi¬ 


losophy  of  weightlessness  research"  in  the  following  terms:' 

To  date  investigations  of  the  biological  effects 
of  weightlessness  havebeen  confined  almost  entire¬ 
ly  to  observations  on  the  effects  of  weighUessness 
on  orientation  and  coordination  of  animal  and  human 
subjects,  There  is  a  definite  need  for  this  type  of 
research.  Kowever,  only  short  periods  of  weight¬ 
lessness  have  been  obtained  in  jet  flights  androcket 
flights.  The  use  of  Ballistic  Missiles  and  P>lo- 
Satellites  affords  a  chance  for  experimentation  into 
the  effects  of  prolonged  weightlessness. 

Using  these  methods ,  biological  res  earch  should 

be  channelled  away  from  an  obs  ervation  experimen¬ 
tation  to  a  [more  stricUy]  exT>erimental  approach. 
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Specifically^  investigations  should  be  undertaken 
into  recording  the  effects  of  weightlessneos  on  the 
utricular  mechanism,  possible  loss  of  reflexes,  and 
greatly  enlarged  recordings  of  physiological  data 
when  these  parameters  are  controlled  by  the  auto¬ 
nomic  nervous  systems.  The  effects  of  prolonged 
sensory  deprivation--and  true  weightlessness  can  be 
considered  a  sensory- starved  environment- -must 
be  energetically  investigated.  The  use  of  water  or 
ether  appropriately  diluted  solutions  affords  an  ex¬ 
cellent  method  of  investigating  the  effects  of  sen¬ 
sory  deprivation. 


The  psychology  of  exposure  to  weightlessness 
has  been  little  investigated.  Past  research  has  at¬ 
tempted  to  record  incidences  of  "motion  sickness** 
without  really  tying  down  the  etiology.  Perhaps 
this  is  autonomically  controlled,  but  perhaps  it  is 
psychologically  induced. 

The  effects  of  prowcightlessncss  accelerations 
and  post- weightlessness  accelerations  have  been 
little  considered  in  the  past.  The  profile  of  a  Bio- 
Satellite  launching  reveals  that  immediately  after 
burnout  any  biological  system  in  the  nose  cone  is 
subjected  to  weightlessness  immediately  after  a 
rather  large  acceleration.  MThat  the  consequences 
of  this  may  be  is  unknown.  Conversely  during  re¬ 
entry  the  effects  of  high  accelerations  subsequent 
to  prolonged  exposure  to  weightlessness  are  purely 
conjectural.  Simulating  these  conditions  la  difHcult 
using  either  the  centrifuge  or  deceleration  tracks. 
It  is  in  these  problem  areas  that  future  sero  gravi¬ 
ty  rescerch  must  be  directed. 
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Subgravity  studies  at  the  Acromedical  Field  Laboratory 


are  at  present  attempting  to  meet  many  of  the  objectives  stated 


by  Captain  Schock.  As  indicated  above,  pre-  and  post-weight-  | 
less  ness  accelerations  are  the  subjectof  a  seiries  of  test  flights  f 

I, 
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being  conducted  by  Dr,  VonBeckh.  Similarly,  in  order  to  con¬ 
tinue  study  of  "the  effects  of  sensory  deprivation"  on  a  body 
under  water,  the  laboraiory  is  preparing  a  small  tank  or  pool 
of  its  own.  This  facility  will  measure  just  twelve  feet  wide  by 
twelve  feet  deep  andwill  be  equipped  for  heating:  ttus  the  water 
can  be  maintained  at  skin  temperature,  the  better  to  produce 
•’a  sensory- starved  environmcnte*^ 

But  there  is  also  a  definite  need  for  more  advanced  test 
vehicles .  The  F-94C  still  has  not  outlived  its  nsefullness;  nover- 
Aeless,  substantially  longer  intervals  of  subgravity  could  be 
achieved  either  in  century-series  fighters  or  in  certain  types 
of  missiles.  One  obvious  step  would  be  to  progress  from  the 
F-94  to  the  F-lOO,  which  has  been  the  standard  chase  aircraft 
on  the  Holloman  range  since  1956.  In  fact  plans  already  exist 
to  use  this  aircraft  type  in  the  subgravity  program.  But  the 
two-seat  F-IOOF,  which  wo\tld  be  required  for  the  test  flights, 
is  in  rather  short  supply.  The  first  one  reached HoUoman  only 
in  the  fall  of  1957,  with  photographic  chase  as  its  primary  mis¬ 
sion,  and  because  of  modifications  needed  for  subgravity  work 
none  has  been  made  available  as  yet  for  subgravity  studies. 
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F or  animal  experiments  the  Aerobcei*  again  apoaaibiUty, 
offering  up  to  three  and  a  half  minutes  of  .subgravity^  although 
a  later  model  would  be  involved  than  the  one  used  previously 
for  biological  research  at  Holloman.  Better  still  would  be  a 
long-range  ballistic  missUe,  but  the  "ultimate**  test  vehicle  for 
subgravity  research  with  either  animal  or  human  subjects  is 
the  biological  sate^xite.  Only  the  satellite  can  provide  a  test 
environment  that  is  trxily  "space- equivalent!!  in  duration  of  ex-  ^ 
posure  as  well  as  in  the  mere  presence  of  weightlessness.^^ 
Naturally,  any  teat  program  involving  intermediate  or 
intercontinental  ballistic  missiles  or  satellite  vehicles  trust 
involve  more  than  one  research  organization.  In  any  program 
of  this  sort,  however,  the  Aeromedical  Field  Laboratory  can 
be  expected  to  take  part.  There  is  currently  an  **in-hou8e** 
effort  under  Captain  Schock  directed  toward  the  use  of  ballis¬ 
tic  missiles  in  aeromedical  research.  Similarly,  the  labora- 
tory*w  present  chief.  Doctor  <I lieutenant  Colonel)  David  G. 
Simons,  is  head  of  the  inter  service  Biosatellite  Coordinating 
Committee.  Several  other  members  of  the  laboratory  staff, 
including  Captain  Schock,  belong  to  the  same  committee,  and 
Captain  Schock  is  currently  devoting  much  of  his>  time  to  this 


work*  Among  other  things ,  he  la  initiating  a  series  of  research 

contracts  between  the  Air  Force  Missile  Development  Center 

and  outside  scientists  in  support  of  the  biosatellite  program. 

One  such  contract,  for  example,  will  be  designed  to  provide  a 

satellite  experiment  on  possible  degeneration  of  muscle  tone  in 
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animals  as  a  result  of  prolonged  exposure  to  weightlessness. 

There  are.  of  course,  more  reasons  than  a  background 
in  sub  gravity  studies  for  the  prominent  role  of  the  Aeromedical 
Field  L»aborafory  in  biosatellite  planning.  The  Holloman  labo«^ 
ratory  has  also  been  engaged  in  active  research  (as  in  Project 
Man^High)  on  sealedcabin  enviromnent  and  on  recovery  of  blo» 
logical  capsules.  In  all  these  fields  it  has  much  to  contribute 
toward  a  successful  biosatellite  program  and  toward  man's 
ultimate  conquest  of  space.  Its  contributions,  moreover,  will 
be  the  fitting  culmination  of  a  record  of  achievement  that  began 
in  1948  when  .Holloman  Air  Force  I>%\se  provided  essential  sup* 
port  to  the  very  first  United  States  experiments  in  weightless* 
ness  ar.*:  ;  ace  biology. 
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